Humanitarian Logistics Principles for Emergency Evacuation of Places with Many People.  by Souza, João Carlos & Brombilla, Douglas de Castro
 Procedia - Social and Behavioral Sciences  162 ( 2014 )  24 – 33 
Available online at www.sciencedirect.com
1877-0428 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of PANAM 2014.
doi: 10.1016/j.sbspro.2014.12.182 
ScienceDirect
XVIII Congreso Panamericano de Ingeniería de Tránsito, Transporte y Logística (PANAM 2014) 
Humanitarian logistics principles for emergency evacuation of 
places with many people. 
 
João Carlos Souzaa; Douglas de Castro Brombillab * 
 
(a,b)Postgraduate Program in Architecture and Urbanism 
Department of Architecture and Urbanism 
Federal University of Santa Catarina- Brasil.  
Abstract 
In the coming years Brazil will host several large events such as the Football World Cup in 2014, the Copa America football 
tournament in 2015, the Olympic and Paralympic Games in 2016, not to mention several concerts with world renowned artists. 
There is a need to prepare spaces for the care of a diverse audience of spectators and athletes. Applying the principles of 
Logistics and Humanitarian Logistics, this research aimed to study the situation of large public meeting places, especially 
football stadiums, in order to ascertain their accessibility conditions, handling and safety of spectators in case emergency 
situations should arise. Another goal was preparing to care for people who may be affected in the event of a disaster, natural or 
not. The study is justified by the occurrence in the recent past of major disasters in football stadiums and large public meeting 
places. It is considered that emergency situations may arise or be caused by natural phenomena or as a result of human actions, 
such as terrorism, vandalism or structural collapse. Emphasis was given on models of spatial accessibility, especially those 
related to problems of alertness, spatial orientation and rapid and secure deployment of users. The main areas examined were 
accesses, circulation areas and escape routes. Planning for response to emergency situations should take into consideration the 
lowest possible response time and humanitarian aid to any individuals directly affected by the disaster. A multi-criteria approach 
was adopted which involves the application of models based on the Theories of Flows, Collective Behavior, Panic in Crowds, 
Principles of Spatial Accessibility, Humanitarian Logistics, and Technical Standards on the theme. We expect to contribute with 
the formulation of guidelines for emergency situations both in football stadiums already built and in new projects 
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1. Introduction  
 
In the coming years Brazil will host several large events such as concerts of world renowned artists, the Football 
World Cup in 2014, the Copa America football tournament in 2015, the Olympic and Paralympic Games in 2016. 
There is a need to prepare spaces for the care of a diverse audience of spectators and athletes. This research aims to 
study the situation of large public meeting places, in particular the Brazilian football stadiums, checking the 
conditions of spectator accessibility, movement and safety in emergency situations. 
The study is justified by the frequent occurrence of major disasters in football stadiums and large public meeting 
places. These disasters were caused by hooliganism, fires, structural collapse, terrorist attacks and even natural 
phenomena. It is considered important to develop studies that enable designers of stadiums and large-scale venues to 
achieve the necessary adaptations to ensure accessibility and safety conditions to the public and the technical teams. 
Both for entry procedures into the facilities and, in case of emergency, for a quick and safe evacuation of the sites 
with large numbers of people. Since entry normally occurs smoothly and over a larger span of time, the main 
objective is to control the evacuation, identify potential problems and bottlenecks, and control the flow of 
pedestrians who may be panicking. 
When people gather in crowds, what might be called a new organism arises. This new entity can be very 
interesting, such as the gathering of many people to watch a big show, a sporting event or a celebration, or it can be 
a very dangerous organism, when people decide to protest against something, causing vandalism or doing justice 
with their own hands. Also, both thing can happen at the same time, when, for some reason, panic sets in and people 
completely change their normal behavior, with the unwanted “herd behavior” emerging, which can lead to dire 
consequences, such as many deaths, injuries and material damage. One of the most disastrous forms of collective 
human behavior is the kind of crowd stampede induced by panic, often leading to deaths and serious injuries to 
people being crushed or trampled. 
The planning and design of pedestrian-oriented facilities are very important to create at large public meeting 
places , such as stadiums, exhibition areas, train stations, air and sea terminals, malls, etc., comfortable and safe 
areas for people, both in ordinary and emergency situations. In this sense, evacuation plans are an effective tool to 
define the degree of safety of a building or an area. To draw up evacuation plans it is essential to know the dynamics 
of the crowd and the main safety standards. In recent decades, modeling the crowd movement has become an area of 
active research.  
Although engineers are finding ways to alleviate the scale of such disasters, their frequency seems to be 
increasing due to the increase of population densities combined with increased availability of transportation for 
access to major events such as pop concerts, sporting events and commemorations and demonstrations. However, 
systematic studies of panic behavior and quantitative theories capable of predicting such crowd dynamics are still 
scarce. For planners and operators of large public meeting places, ensuring the safety of the crowds is the main 
concern. Once the safety of people is ensured, they may then consider other objectives of the event or space - how to 
maximize the ability to create a great experience or minimize construction costs. 
Recently, there has been a great increase in the interest of researchers working on the theme of Humanitarian 
Logistics for studies that explain the flow behavior of pedestrians in emergency situations. It was found that, in 
order to study the mobility of people that are scared for some reason, it is necessary to analyze the principles of 
crowd dynamics and collective human behavior. The knowledge of crowd dynamics is essential for designing sports 
arenas, exhibition areas, transportation terminals, great performances etc., So that safety standards are met 
effectively.  
In order to reduce the risks, several measures, such as an escape plan to safe areas, specialized trainings for the 
event organization staff, preparation of areas for the circulation of emergency vehicles and evacuation routes free of 
obstacles are needed. The focus of this work are interventions that logistics, architecture and engineering 
professionals can do to design emergency exits easily accessible and free of obstacles. To do so, we propose using 
the principles of the Theory of Flows, Fundamentals of Spatial Accessibility and Logistic Systems for Humanitarian 
Aid.  
 
2. Humanitarian Logistics 
 
The importance of humanitarian logistics is justified from major disasters in football stadiums with various 
causes such as hooliganism, fires, structure crashes, terrorist attacks and natural disasters. On the ten greatest 
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tragedies in football stadiums, one realizes that the greatest number of deaths occur by crushing people (trampled or 
pressed vertically) during turmoil. Hence the importance of bringing the study of humanitarian logistics along with 
the architecture for better planning of both internal and external spaces and thus, help to better respond to 
emergency situations in these places. 
For Apte, (2009), in humanitarian logistics, the disaster cycle is based on three phases: preparation, disaster 
response and humanitarian aid. The TRB (2010) divides the cycle of disaster into four phases: prepare, respond, 
recover and mitigate. Fernandes (2010) reports that the Brazilian National Policy on Civil Defense, also divides the 
cycle into four phases of disaster: disaster prevention, preparedness and disaster alerts, emergency assistance and 
reconstruction. In this work we will stick to the phases of disaster preparedness and response. 
 
2.1. Preparedness 
 
Elaboration of a good emergency plan is essential for preparing for possible disasters, addressing the different 
scenarios, the specific risks (according to risk management) and complexity. Other important factors to assist in an 
emergency plan would be the training of specialized teams to work in disasters and having a good contingency plan, 
as it is impossible to train spectators to act in evacuation situations. Therefore, we should design easy circulation 
spaces, free of obstacles and of easy orientation. 
   
2.2. Disaster response 
 
When we talk about disaster response, we should consider some contributions, we can highlight decision 
making, rescue, evacuation and transportation (Apte, 2009). The answer depends very much on the above facts, 
described as the decision-making in an emergency, whether natural or artificial, which is difficult due to various 
uncertainties and lack of information, yet it must be done correctly and quickly. (APTE, 2009 p.56). Aid and 
transportation operations are actions that involve trained personnel and equipment available.  
At this response step, it is important to have a plan for evacuation of the viewers own and manage the presence 
of onlookers who end up disrupting emergency teams. It is also necessary to plan the control of movement of 
people, both of which are on the inside and the outside of the site of disaster. Usually these people have behavior 
patterns that can be expected, since they act as crowd. In the next sections we will describe the principles of the 
theory of flows, accessibility and the psychology of large groups of people. 
 
3. Basic approaches to pedestrian traffic analysis  
 
There are three basic approaches to the analysis of vehicle traffic and can also be used to evaluate the movement 
of pedestrians: the macroscopic, which cares to describe the behavior of the currents of foot traffic, the microscopic, 
which is interested in the interaction between in two consecutive pedestrians in a traffic flow, and the mesoscopic, 
whose analyzed units are clusters of pedestrians formed in the streets, plazas, malls, transport terminals etc. 
According to Vargas et al. (2012), the three systems have advantages and disadvantages and must be chosen 
depending on the problem to be solved. Thus, the Microscopic scale, although allowing a much more accurate 
description of the movement of each pedestrian, requires a large computational effort when the number of 
pedestrians considered is too high, for example, in the case of crowds (a high number of individuals with different 
characteristics in the same environment). Now in the macroscopic scale, unlike the microscopic, the main advantage 
is that it can use hydrodynamic models of the first order, which are of great computational simplicity and processing 
speed, however it is necessary to introduce an empirical (phenomenological) relationship between speed and 
density. 
Macroscopic analysis of the traffic are based on the consideration that the traffic currents are continuous media. 
In order to study their behavior, the macroscopic approach makes use of the application of the Laws of 
Hydrodynamics, which is why this approach is also known as Traffic Hydrodynamics Analogy. Since traffic 
characteristics vary in time and space, the studies usually adopt average values, and these averages may be temporal 
or spatial. 
The Flow or volume is the number of pedestrians passing through a section of the track per unit of time. The 
length unit should be considered as the width of the sidewalk or portion of the track. In general, the formula used is 
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ped/m/s in (SI). The pedestrian flow, also called pedestrian volume is represented by the variable q. According to the 
hydrodynamic analogy, the flow corresponds to the flow of a fluid within a pipe. During a time interval t the n(x) 
pedestrians crossing a section are counted. 
 
ݍሺݔሻ ൌ ௡ሺ௫ሻ௧    ሺͳሻ
 
Concentration, also called specific mass or relative density and represented by ȡ is a spatial magnitude, meaning 
the number of vehicles present in a given extension x of track. In the case of people is the number of pedestrians per 
unit area. In the hydrodynamic analogy, concentration corresponds to the fluid density. Therefore, when it comes to 
traffic, the concentration of people is also called density. One can imagine that, in a track section in a given time t, a 
photograph is taken and it is possible to count the n pedestrians who are on that stretch of track. The concentration 
ȡ(t) in ped/m is given by:  
 
ߩሺݐሻ ൌ ௡ሺ௧ሻ௫                                                                          (2) 
 
The Speed, in the study of pedestrians, is adopted as an average of the speeds of pedestrians passing in a given 
time interval. It is usually expressed in the international system (IS) in m/s and denoted by u. 
 
ݑ ൌ ௤ఘ                                                                              (3) 
 
These three variables, relative density, speed and flow, are related by an equation known as the fundamental 
equation of traffic and also valid for the flow of pedestrians. 
ݍሺݐǡ ݔሻ ൌ ݑሺݐǡ ݔሻߩሺݐǡ ݔሻ                                                            (4) 
 
The curve of the speed-concentration ratio suggested by the theoreticians who first studied the relationship 
between these macroscopic traffic variables is shown in Figure 1. 
According to Vargas et al. (2012), the theory for the flow of pedestrians is assumed for values of ɏ൑͸ Ȁʹ, 
due to the physical impossibility of allocating a higher number per square meter. Thus, the illustrations of the results 
in Figs. 2(a) and 2(b) follow this pattern. Analyzing the curve that represents the flow, when the density ȡ is greater 
than the critical density, the flow decreases, approaching zero when  ߩ ൌ ߩ௝ǣߩ௖௥௜௧ ൌ ʹ݌݁݀Ȁ݉ଶሺߩ௖௥௜௧ ൑ ߩ ൑ ߩ௝
ߩ௝ ൌ Ͷ݌݁݀Ȁ݉ଶሻ 
The flow in the stretch where ߩ ൐ ͵ǡ͹ǡ ܽ݊݀ߩ ൑ ߩ௝ is small, but still exists. When reaching  ߩ௝ ൌ Ͷ݌݁݀Ȁ݉ଶ, 
the density is maximum, but it is noted in Figure 2(a) that the speed for ߩ௝ ൌ Ͷ݌݁݀Ȁ݉ଶ is minimum and thus the 
flow is minimal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
q 
ρ0 
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ρJ ρ 0 
Figure 1 – Classic diagram representing the classical flow-concentration relationship
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The dynamics of crowds include the relationship between the density of the crowd, walking speed, rates of flow 
of the crowd and comfort. It also includes other factors that influence the movement and behavior of a crowd as the 
knowledge of the site by visitors and the information supplied to them, as well as their demographic profile. The 
behavior can also be influenced by external factors such as the weather. These considerations should be taken into 
account when designing and planning events or crowd spaces. 
The study of the dynamics of pedestrians has been used in situations that seek to identify or reproduce features of 
human behavior. When it involves crowds, this study becomes even more complex, since the issues associated with 
the interaction of pedestrians should also be considered. To describe or predict such situations the use of computer 
simulations allows a better approximation of the model, since it allows the inclusion of parameters such as initial 
hypotheses. 
 
4. Definition of crowd 
 
A crowd can be defined as the presence of many people in the same location with similar goals and densities in 
which personal space, comfort, layout and freedom of individuals are influenced by those around them. Crowds are 
not the same thing as pedestrians on a street, plaza or mall. Pedestrians have individual interests and goals, unrelated 
to the other people around them. Therefore, studies of the dynamics of crowds are very different models for 
planning the pedestrian flow. Blumer (1969) and many other researchers have identified four types of crowds: The 
first type is the casual crowd such as, for example, a crowd of people in a square watching the presentation of a 
street artist. This type of crowd is momentary, with an organization and weaker units. Its members come and go, 
paying attention to the temporary object that triggered the interest of individuals. The interaction between these 
members is not intense.  
A second type of crowd is the conventional crowd. An example would be spectators at a sporting event. The 
behavior of this type of crowd is similar to the casual crowd, except that their behavior is expressed and regulated in 
established ways, everyone has a common interest. People are capable of great efforts, even monetary, to meet in 
such situations. It is possible to feel the excitement in the air when a large number of people share a common space 
and focus. A group of spectators watching a football match exemplifies the conventional crowd. In this, too, the 
behavior of its members is loose and with limited duration, manifests itself with usual or conventional acts. 
The active crowd, also called aggressive crowd, is the third type of crowd. The highlight is the presence of a goal 
that directs people's actions. It's the crowd that protrudes through intense action. When a lynch mob, facing a crime, 
seeks to punish the murderer, or when there are acts of vandalism in public manifestations, by one impulse that 
gives it an intense collective sense, the aggressive crowd emerges. The formation of an active crowd presupposes, 
first, the occurrence of some exciting event which attracted the attention of several people. In this first step, 
members of this group, excited by the event, begin to lose individual control and become dominated by the fact that 
attracted them. A crowd has the following characteristics: Individuals brought together by physical contiguity 
limited number of members, existence of an event that draws attention, the individual loses the critical faculty and 
criticism, acting irrationally based on impulses, being fickle, suggestible and irresponsible.  
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Figure 2 – Fundamental diagram 
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Blumer (1969) also defined a fourth type of crowd , that he appointed as expressive or dancing, found, for 
example, in religious sects or a musical parade. The excitement of its members is expressed through physical 
movements as a form of release, rather than directing their actions. When emotional stress is discharging into 
harmless acts, when the collective behavior is represented by physical movement and operates through rhythm, there 
is the expressive or dancing crowd. 
The same author also explained the formation of active crowds as a circular behavior: First there is an escapist or 
exciting event (usually associated with social agitation), drawing attention to the individual and pressing for action. 
Then there is the process of milling, which is a collective gesture of discomfort or fear, which can be amplified 
according to the individual's sense or social agitation. There is a circular reaction, for example, an alarm that causes 
social agitation and this agitation will result in increased tension in the group. This tension amplifies and infects 
sensations of individuals, making them more aware, more understanding and caring with each other. With less focus 
on each other, individuals respond to others quickly, directly and unconsciously preparing the formation of a 
common mood.  
In a third moment, the group finds a common object of attention, so that humor, the imagination and the feelings 
of the people are focused on this object. In the fourth stage, the understanding of the situation obtained by focusing a 
collective excitation arises. The natural tendency of people is to deal with the excited behavior and seek some 
interest in it. In this state, the individual tends to be guided more by emotion than by reason. Then, the collective 
excitation leads to social contagion, which is the rapid and irrational dissemination of humor, impulse or form of 
conduct that occurs, for example, in collective outbreaks. In extreme forms, the social contagion appears in epidemic 
form, such as the panic in the financial market. The most important feature of social contagion is that it attracts and 
influences individuals that are usually disconnected from social action. 
 
5. Crowd in panic 
 
One of the most disastrous forms of collective human behavior is the kind of crowd stampede induced by panic, 
often leading to deaths and serious injuries, with people being crushed or trampled. The Panic Theory mainly deals 
with the factors that can lead to the occurrence of panic during emergencies. The basic premise is that when people 
perceive danger, their usual conscious personalities are often replaced by unconscious personalities that lead them to 
act irrationally. 
Under normal conditions, the pedestrian moves with ease, selecting the path based on factors related to their 
interests and peculiarities of the environment. In general, pedestrian behavior is affected by their physical 
characteristics (age, sex, state of health, physical structure, etc.), the movement characteristics and the path 
characteristics. Under normal conditions, the pedestrian feels a strong aversion to taking detours, or moving in a 
different direction to their “desire line”. Each person walks at a particular speed (free flow speed) and maintains a 
certain distance from other pedestrians and physical obstacles. 
In panic situations, however, human behavior is completely different: People are more nervous, go considerably 
faster than normal, individuals begin to push and interactions between people become frequent. Individuals 
agglomerate near exits and the arch phenomenon, represented by many people pressing to pass through a small 
opening, constitutes a barrier. The escape is also slowed by fallen or injured people that become obstacles. People 
tend to show a herd behavior, i.e., do what other people are doing, and in escape situations, alternative outlets are 
often overlooked or not efficiently used. 
Panic can be triggered by many factors, such as natural hazards (floods, earthquakes, volcanic eruptions), 
manmade threats (fire, terrorist attacks, loss of social control by the state, etc.). Sometimes, panic is triggered in life-
threatening situations such as fires in crowded buildings, at other times, riots can arise for no apparent reason, such 
as during the race to get free seats. In a panic situation, there is always a sense of impending danger and urgency to 
act on the part of individuals. To understand the panic in crowds, some factors should be taken into consideration: 
 
• In panic situations, people usually realize that their survival is a product of quickly made decisions; 
• Individual personality is weakened. Thus there is a change in value systems and a reduction of liability, resulting 
in imitative behavior, present in groups; 
• There may be the presence of slogans, badges, uniforms, sound or rhythmic manifestations that reinforce group 
identity, rather than the individual; 
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• People express a high degree of irrationality, worrying about the idea of running away and not considering the 
consequences of their actions. 
 
In panic, the forces of the crowd can reach levels almost impossible to resist or control. Most deaths in crowds 
out of control is due to choking by compression and not by trampling. These forces are caused by the act of pushing 
the person in front, creating a domino effect of people leaning against each other. People die from choking due to 
compression, the chest cannot expand for inspiration to occur. 
Some environments and situations are more likely to gather a greater number of people and even intense crowds. 
For example, large commercial buildings, festivities, sports and religious events. Thus, in events that gather a large 
number of people and thus have a high likelihood of outbreaks of panic, evacuations must be thoroughly planned, 
including the architecture of the buildings. In situations of emergency evacuation, people generally move in the 
same direction. However, some passengers may attempt to move against the current of evacuation, for example, to 
find their families or try to escape through a different route. Also firefighters and other emergency personnel may 
need to enter the building, causing significant counter-current interferences.  
Important elements for evacuation are the access doors and corridors and their dimensions. According to some 
authors (Peschl, 1971), a door width of 1 meter is sufficient for at least 135 people to leave per minute during the 
safe escape process, this value represents 2.25 p/m/s (people per meter per second), but is valid only for normal 
conditions. This number has been discussed for many years and fire departments suggest that a lower value should 
be adopted, of 63 to 100 people per meter per minute (1.03 p/m/s and 1.67 p/m/s), due to a possible panic state with 
increased speed of movement of people, causing the arch effect. The capacities found vary between 1.03 p/m/s and 
1.67 p/m/s (Daamen W. and Hoogendoorn S., 2010) suggest its adoption for doors and to avoid the effects of 
possible bottlenecks, therefore lower than design guidelines (2.25 p/m/s). In many studies, including the Standards 
for Fire Prevention of the state of Santa Catarina, the size of doors has been described in terms of “modules” (one 
module = 0.6 meters). These modules are also known as “passage units”. ABNT rules consider that each passage 
unit measures 55 cm. The width of each corridor, walkway, door or gate should always be a multiple of the module. 
Case studies have proven some behaviors of the crowd who are very well described in the literature. In 
particular, it is noted that many doors are not used because they are hardly visible or are poorly marked. This means 
that visitors often use to escape, the same path that was used for entry, and this creates congestion, bottlenecks, and 
low levels of service. The availability of people in the organization who are trained and prepared to provide 
assistance and guidance to people for the rapid identification of the best escape route produces significant benefits in 
evacuation plans. The most anticipated effects are a better distribution of the public in various exits and a reduction 
in the facilities clearing time. The best use of exit doors consists of more differentiated paths with less congestion 
and reduced evacuation times. Providing help in choosing means using an efficient information system, which 
forces visitors to consider exits, and its location (Yang et al. (2005). 
 
6. Spatial accessibility 
 
In the design and construction of buildings, it is possible to provide architectural solutions that help to better 
handle its occupants in emergency situations. It is here that the spatial accessibility can assist in the better 
interpretation of spaces and contribute to the definition of routes free of obstacles.  
Dischinger, and Bins Ely (2012) define that “spatial accessibility means much more than being able to reach a 
desired place. It is also necessary that the site allows the user to understand its function, its organization and spatial 
relations, as well as participate in the activities that occur there”. The spatial accessibility components are divided by 
the authors into four categories: spatial orientation, communication, travel and use. Spatial accessibility actions 
allow any occupant of the building to conduct their activities in safety, comfort and independence.  
 
7 - Object of study 
 
The study was conducted at the Orlando Scarpelli stadium belonging to Figueirense Futebol Clube and located in 
Florianopolis in the Estreito district in the continental part of the city. It has a capacity of 20,000 seats, all 
accommodated in chairs. 
Brazilian technical standards used were: NR-23 (Fire Protection), NBR-9077 (Emergency exits in buildings), 
NBR-13434 (Safety signaling against fire and panic), Sports fans defense Law (Law No. 10.671/2003) and NBR-
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9050 (Accessibility to buildings, furniture, equipment and urban spaces). International standards used were: NFPA 
101 (Life Safety Code) and the FIFA (Fédération Internationale de Football Association) standards which involve 
Recommendations and technical requirements for stadiums and Safety Regulations and Protection in stadiums.  
 
7.1 Exploratory visit 
 
The exploratory visit was made to identify the existing problems in the stadium, where an analysis of the 
functionality of the built environment was made, providing an indication of the main strengths and weaknesses of 
the object of study. The application of evaluation spreadsheets had the function of evaluating compliance with safety 
standards and accessibility. Accessibility spreadsheets have been based on the spreadsheets in the book from authors 
Dischinger, Bins Ely and Piardi (2012). 
The book features six evaluation spreadsheets. In this work, by reason of the subject, not all spreadsheets have 
been used. We chose to work with only the spreadsheets that address horizontal and vertical circulations and the 
spreadsheet that addresses places for collective activities (Auditorium and sports gymnasium). Were created for this 
study, spreadsheets to evaluate the safety of the stadium. Spreadsheets (Figure 8) were prepared based on safety 
standards NR-23 (Fire Prevention), NBR-9077 (Emergency exits), NFPA 101 (Life Safety Code), Sports fans Law 
(Law No. 10.671/2003) and security requests described in the FIFA specifications regarding stadium security. 
With the worksheets for safety assessment, it was possible to cross national and international standards. As the 
focus of the work is emergency evacuation, all items researched in the standards relate specifically to this issue. 
 
7.2 - Results 
 
The strengths are the distances between chairs, good dimension of lower circulation and possible evacuation of 
the sector into the playing field. Other problems encountered were the differences in height of the steps and the 
height of the guardrail less than 1.10 m. None of the stairs in the bleachers meet the minimum dimensions of 1.65 m, 
according to NBR-9077. 
Regarding the logistics of emergency, the stadium has some problems as for emergency and contingency plans 
and lack of equipment to aid in eventual abandonment of the site. As for emergency and contingency plans, the 
stadium does not have these documents and did not make a plan covering all possible accident scenarios. 
There are also deficiencies regarding the equipment, because the stadium does not have an alarm system nor a 
sound system that effectively includes all sectors. The strengths a linked to emergency logistics are the use of two 
ambulances and its free access from the playing field to street. The stadium has a volunteer emergency brigade that 
works during games and has fighting and rescue equipment. The stadium has an electronic scoreboard that can be 
used to give security information during the game. Escapes routes are identified and well lit, but have problems (e.g. 
sector A), where after the exit gate there is a staircase which would make a calm exit difficult and could lead to 
accidents in a possible evacuation. The stadium also has a room for security monitoring in the appropriate place 
intended for the permanence of people responsible for the security on game days. 
With the application of accessibility spreadsheets, the following weaknesses were found: There is no signaling to 
accessible routes; There are no handrails in two heights; The hand railing has no minimum extension of 30cm; There 
is no signaling on the edge of the steps; There is no tactile signaling at the beginning of the stairs; There is a space 
intended for a person in a wheelchair, but in only one sector of the stadium; There are no chairs for obese people or 
people with reduced mobility; The floor of some circulation areas is uneven and Ramps have an inclination above 
that determined by NBR-9050. 
With the application of safety spreadsheets, the following weaknesses were found: There are no emergency and 
contingency plans; There is no sound system that could be used to give safety information to all sectors of the 
stadium; The club does not have a safety policy; There are sectors that have only one exit; There is no refuge area 
for people in wheelchairs; The field can be used as an area of refuge, but in order for this to happen, some employee 
must open the padlock on the gate and There is no fire alarm. 
Positive factors: The club has a volunteer emergency brigade; There is firefighting equipment in good condition; 
There is access to security vehicles on the lawn; There is a security monitoring room; The screen can be used to give 
security messages; There are always two ambulances on game days, according to the capacity of the stadium and 
There are health care professionals in case of emergency; 
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8 - Final Remarks 
 
From the review of the Orlando Scarpelli stadium, strengths and weakness were found. With the application of 
spreadsheets with the four components of spatial accessibility, it was possible to see problems mainly related to 
displacement and use of space by persons with disabilities or reduced mobility. The site has a space for people in 
wheelchairs, but with access to only one sector of the stadium. During the exploratory visit, it was found that the 
sectors of the stadium have problems (such as unevenness of floors and stairs with irregular dimensions) that can be 
solved to minimize access and safety evacuation of all spectators. The removal of barriers would also be important. 
On the contribution of accessibility on escape routes in emergency situations, the importance of involving the 
accessibility to safety factors was very clear. According to reports of accidents already occurred in public meeting 
places the big problem is evacuation, where many people are trampled and end up dying.  
Therefore, the facilities of the building must be in agreement, avoiding obstacles and unevenness, with good 
orientation and good communication with the fans so that the crowd can be controlled in an emergency situation.  
Understanding the individual behavior of a person acting as a common pedestrian is already very complex. 
Understanding the behavior in an emergency evacuation process becomes even more complex in that social relations 
are considered. This difficulty may be largely responsible for the relatively slow development of research that takes 
into account the human behavior. However, this difficulty can also pose a challenge for many researchers and attract 
their attention to this field of research. Among the possible behaviors that emerge in the research, the following are 
included:  
• Phenomenon of following the crowd: also known as flock or herd behavior, this phenomenon is characterized 
by the fact that someone gives up their own reasoning to follow the actions of the majority around them. This 
phenomenon is often observed in a real evacuation process. During an evacuation, people may lose their temper 
and their sense of location of safe exits (especially in case of fire in which visibility is low) and tend to follow 
others in the hope that they know the location of exits. People who have a severe tendency to go with the crowd 
can be easily affected by other people around them. 
• Meeting phenomenon: during this phenomenon, people have the characteristic of prevention, i.e., they feel that 
they can protect themselves, psychologically, denying unpleasant situations, and are willing to stay close to the 
crowd in an emergency, which may result in occupants staying inside the building. In addition, the occupants of 
a building often evacuate in groups and the fact of meeting can relieve their anxieties. The effect of people 
helping each other mutually in emergencies is known as group effect 
• Returning: can be understood as the fact of returning to the place of danger to try to save belongings, searching 
for relatives or even to inform or help others.  
• Kin Behavior: very popular behavior during the evacuation. It is characterized by the fact that families tend to 
gather during an emergency evacuation or even go back to the place of danger to save a family member; 
• Arching: Phenomenon reproduced at the exit. It is caused by the fact that all pedestrians move towards the exit, 
forming a bottleneck in the flow of pedestrians, also known as escape arch; 
• Faster is slower: characterized by the fact that the faster the people want to move, the slower can the evacuation 
be;  
• Non adventurous effect: most people often use familiar exits to evacuate an environment;  
• Panic: characterized as a psychological reaction in which the individual is in an abnormal state of anxiety or 
behavioral state of acceptance to the disaster stimulus. The psychological reaction caused in the environmental 
disaster can make adaptive capacity and responsiveness to the environment diminish soon. In the worst case, 
individuals will lose their senses and affect escape.  
 
It is important to note that these are just some phenomena and behaviors that can be observed during an 
evacuation. Since the focus of this study was not to investigate human psychology, the description of these 
phenomena is to show that knowledge of human behavior plays an important role in the emergency evacuation 
process and especially in the process of planning and designing large public meeting places. It was intended to 
increase knowledge of the subjects involved in the research, such as accessibility, humanitarian logistics and 
stadiums, as well as, from the different methods studied, identify problems and formulate guidelines to contribute to 
the development of future building and renovation of large public meeting places in the country. 
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The empirical studies of pedestrian behavior under emergency conditions provide valuable tools to help planners 
and managers of large public meeting places review and evaluate the safety precautions for these sites. The need for 
alternative information systems to address the lack of data systems, the need to incorporate socio-psychological 
factors in the models of emergency evacuation. Although it is not possible to ensure optimal safety, there is room to 
use improved models to increase the levels of safety. 
There are three main conclusions had until this stage of the research:  
• The existence and sufficient number of routes, passages and sufficiently wide doors for quick exit of the 
occupants of the stadiums is essential for evacuation of people in a calm and safe manner;  
• An information system and well planned orientation with signs, arrows and audible warnings has a large impact 
on the dynamics of escape and, consequently, on the safety; and  
• The spectators and other users of the stadiums should be instructed in advance and very knowledgeable about 
routes and exits that should be used in case of emergency evacuation, this will avoid panic caused by ignorance 
on how to be safe.  
Possible future developments could still provide models to assist planners and designers of large public meeting 
places to avoid tragedies that have happened in the past with great frequency. 
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